Production of naturally fermented sparkling wines by continuous processes have been reported (1, 2, 5, 6) . These processes, in general, require the rapid fermentation under pressure (several atmospheres) of sugar that has been added to wine. In bottle or Charmat production of sparkling wine, the CO2 pressure in the bottle or tank builds up during fermentation; however, in a continuous process, the fermentation must begin at a high pressure. Attempts in this laboratory to produce, on a small scale, sparkling wines by a continuous process have not thus far been successful (Ough, Amerine, and Kunkee, unpublished data). We found fermentation to be so greatly inhibited by high pressure that the continuous process was not practical. Some microorganisms can withstand very high pressures (15) , but about 7 atm of pressure inhibits yeast metabolism, and 30 atm will kill yeast (4, 8, 13 ).
The inhibitory effects have been used for the preservation of grape juice by use of the Bohi process (11) . However Table 1 ). The extent of inhibition was dependent on alcohol concentration and pH.
The results in Tables 1 and 2 show that pressure is so inhibitory that adjustments in pH and alcohol concentration do not allow yeast multiplication to be as rapid as at atmospheric pressure. Even at the lowest alcohol and highest pH level, yeast multiplication under pressure never reached 100-fold increase.
The rate of adaptation of yeast to the base wine was undoubtedly an important factor. To find conditions for more rapid adaptation of yeast in wine under pressure, cells were propagated in a variety of ways. Table 3 gives the effects of pressure on yeast multiplication in wine inoculated with yeast propagated for various lengths of time in grape juice or base wine media. One might expect either that the younger cultures might be more vigorous and able to adapt more quickly to the base wine or that the medium of the older cultures might be more like the composition of the base wine to which the yeast cells were transferred. The results in Table 3 show very little differences in yeast multiplication, even when wine was used as a propagation medium for the yeast. The addition of yeast extract, as a nutrient, was effective; nearly a 100-fold multiplication of yeast was observed, but this multiplication was still not as high as that at atmospheric pressure (see Table 1 ).
Champagne yeast strains are usually used in sparkling-wine production. These are highly flocculent strains, and probably should be avoided in a continuous process. When the Champagne strain was tested, its multiplication was very much like that of the Montrachet strain (Table 3) .
Fermentation. It was apparent from the above experiments that pressure was so inhibitory to yeast growth that high concentrations of yeast in the base wine under pressure could be obtained only by heavy inoculation rather than by cell growth. In the following experiments, high concentrations of yeast were added to the base wine, and the rates of fermentation of glucose were measured. In Table 4 alcohol, in wine, was apparent even at atmospheric pressure. At higher levels of added yeast (an initial concentration of 107 cells per milliliter), some fermentation did take place under pressure. Addition of nutrients (yeast extract) had no effect on fermentation rate under these conditions.
The above experiments were all done at 21 C. At lower temperatures, the solubility of CO2 is greater, and the pressure resulting from the same concentrations of CO2 would be correspondingly lower (7, 13) . Fermentation rates also would be lower at lower temperature, but at lower temperature the inhibitory effect of pressure might be less than the inhibitory effect of temperature. In Table 5 Figure 1 shows the fermentation rates with these cells as compared with the rates obtained from cells propagated in grape juice. The initial cell concentration was the same for both (107 cells per milliliter). With cells adapted to wine, the glucose was nearly gone by 11 days, but in the control there was very little loss of glucose. In another experiment, it was determined whether pressure was required for the adaptation to the base wine. Cells were propagated in wine (Fig. 2) .
DIscussIoN
In these experiments, it was shown that the inhibitory effects of pressure on yeast multiplication were so great that even under the most favorable conditions, i.e., with low alcohol, high pH, and added nutrients, yeast multiplication was very slow. In the reported continuous production of naturally fermented sparkling wine (6) From the Russian example (1, 6), a drop of 0.5% sugar was obtained in the first tank, where F = 7 dkl/hr and V = 500 dkl. Solving for f, a fermentation rate of 0.007% per hour is obtained. We are considering methods by which it might be practical to propagate large amounts of yeast adapted to the base wine. Reutilization of cultures in this case may be practical, as has been demonstrated in some continuous processes (14) . Luthi et al. (12) found under high alcohol, 13%, that cells used in submerged flor sherry production could be recovered and reused.
The rapid fermentation rates under pressure obtained by the Russian workers (1, 6) with aerobically propagated yeasts may be explained on the basis of concentration of sugar used. In our experiments, we desired rapid fermentation of a low concentration of glucose to produce sparkling wine of maximal dryness. In the cited procedure (1, 6), rapid fermentation of part of high concentrations of sugar was obtained, resulting in a comparatively sweet product. Rates of fermentation of low concentrations of sugar have been shown to be much slower than those of moderately higher concentrations (9) .
